Problem Statement: Student achievement is considered an indicator of the quality of education, and achievement tests are applied to assess student achievement. International tests are adapted into different languages and cultures with the aim of assessing student achievement on an international level and comparing the achievements of different countries. In our country, a number of tests at the national and international levels are conducted to assess student achievement. One of the tests conducted in our country is called Trends in International Mathematics and Science Study (TIMSS). Countries structure their curricula and education policies based on the results of these studies. However, in order for these comparisons to be meaningful, the constructs measured by the tests should be equivalent. When the relevant literature was examined, it was observed that the number of studies on crosscultural invariance in Turkey was low and that these studies did not involve TIMSS 2011. Method: Aiming at examining the intercultural measurement invariance of the TIMSS 2011 mathematics test, this is a survey model that tries to describe an existing situation as it is. The study sample was composed of 1,987 fourth graders from Turkey, England, Japan and the USA. This study was conducted on the data obtained from the TIMSS 2011 mathematics test. Model invariance was examined through multi-group confirmatory factor analysis. LISREL 8.80 for Windows software was used for performance of data analysis.
Introduction
Education bears such responsibilities as producing enough quality for a society to maintain its existence and development, preventing the existing values from disappearing, and reconciling the new and old values (Varış, 1998) . Education not only ensures social continuity through cultural transmission, but also creates a labor pool that will add novel gains to the cultural heritage and move the society one step forward (Hotaman, 2009) . As a result, student achievement is considered as an indicator of the quality of education, and achievement tests are applied to assess student achievement. These tests can be both at the national and international levels. International tests are adapted into different languages and cultures in order to assess student achievement at an international level and compare the achievements of different countries.
In our country, a number of tests at the national and international levels are conducted to assess student achievement. One of the tests conducted in our country is called the Trends in International Mathematics and Science Study-TIMSS, which is organized by the International Association for the Evaluation of Educational Achievement (IEA) whose center is in the Netherlands. TIMSS is a survey focusing on the assessment of student math and science knowledge and skills. It monitors the trends in student achievement in these fields and reveals the differences between national education systems in order to allow education and instruction to be improved. Within the scope of this research, information about education systems, instructional programs and students, teachers and school characteristics are collected, along with data on student performances in mathematics and science (Milli Egitim Bakanligi [MEB], 2015) .
Achievement tests and questionnaires involving items aimed at measuring the performance of fourth and eighth graders in math and science took place in TIMSS 2011. In each grade level, there were 14 test booklets. The mathematics tests for fourth graders involved the learning domains of numbers, geometrical shapes, measurement and data display, while for eighth graders, it involved the learning domains of numbers, algebra, geometry, data and probability. The science achievement tests for fourth graders involved the learning domains of life science, physical science and earth sciences, while for eighth graders, it involved the learning domains of biology, chemistry, physics and earth sciences (MEB, 2011) . Conducted for the first time in 1995, TIMSS was carried out in 1999, 2003, 2007, and 2011 , with the last study in 2015. Mathematics Science  1999  ---38  31  33  2003  ------2007  --49  30  31  2011  50  35  36  42  24  21  2015  49  36  35  39  24  21  (MEB , 2003, 2011, 2014a, 2014b, 2016) Aiming at assessing the achievements of students from different cultures and languages in the disciplines of mathematics and science, in TIMSS, the structures that is measured by the tests is required to be equivalent in order for the comparison to be meaningful. In other words, the basic assumption in intercultural comparisons is that the tests have measurement invariance (Gierl, 2000 Measurement invariance means that examinees of equal standing with respect to a specific latent structure should on average earn the same test score from items and subscales, irrespective of group membership (AERA, APA, & NCME, 1999) . For a test to have measurement invariance, it is required for individuals from different groups whose similar characteristics are measured to have an equal chance of getting a specific score (Millsap, & Kwok, 2004) . In other words, a measurement model should have the same construct in different groups, and the tool should have the same items, factor loadings, correlation between factors, and error variance (Jöreskog, & Sörbom, 1993) .
Multiple-Group Confirmatory Factor Analysis (MG-CFA) is one of the most preferred methods in testing measurement invariance across groups. MG-CFA involves the simultaneous analysis of a CFA model in more than one group (Brown, 2006) . MG-CFA tries to ensure parameter invariance by making comparisons between the least limited models and the most limited models (Horn, & McArdle, 1992 , as cited in Uzun-Başusta, 2010) . In MG-CFA, the parameters of the measurement model are estimated simultaneously in all groups and are tested as to whether these parameters significantly differ from each other (Jöreskog, & Sörbom, 1993 ).
Measurement invariance is tested in four steps. These steps are (Meredith, 1993): 1-Configural Invariance: This is the most basic level in measurement invariance. In this first step, whether the groups have the same factor construct is examined. Basic model construct is invariable for the groups. In this model, invariance limitation is not conducted over the estimated parameters. In other words, the groups are permitted to have different parameter values. The configural invariance model has a critical importance because the data will not support the more limiting models if the data do not support the similarity of constant and inconstant parameter pairs across groups (Bollen, 1989) .
2-Metric invariance: In this step, whether the different groups respond to the items similarly is examined. It is a limiting model. In this model, factor loadings are limited across groups.
3-Scalar invariance: In this step, whether the obtained regression constant is similar across the groups is examined when the factor score of the groups is zero. In this model, there is constant value/coefficient limitation in addition to the factor loading limitation.
4-Strict invariance: In this last step, whether the error variances differ across the groups is examined. While the strict invariance in the measurement model is tested, error variances are limited along with all parameter limitations. Vanderberg and Lance (2000) suggested that the evaluation of measurement invariance can be achieved using a systematic approach. This is achieved through a step-by-step process which assesses hypotheses based on their hierarchical order. Every hypothesis is directly related to the specific step in this hierarchal order. Since the steps are in hierarchal order, the structures of the hypothesis are also hierarchal. Therefore, when measurement invariance is not present in one step, there will be no need to evaluate the hypothesis in the next step. Meredith (1993) especially emphasized that full equivalence is a necessary step for a fair and valid comparison. However, full measurement equivalence is generally not used in practice.
Countries structure their curriculums and education policies based on the results of international education studies. However, in order for these comparisons to be meaningful, the constructs measured by the tests should be equivalent. When the relevant literature was examined, it was observed that the number of studies on cross-cultural invariance in Turkey was low (Ogretmen, 2006; Akyildiz, 2009; Asil ve Gelbal, 2012; Asil & Brown, 2015) , and none of these studies involved TIMSS 2011. Moreover, it was also determined that measurement invariance was not completely ensured. As a result, it was considered necessary to investigate the cross-cultural measurement invariance of the construct measured by using the TIMMS 2011 mathematics test so that the comparisons would be much more valid and sound. TIMSS is an exam the results of which have an influence on education policy in various countries, and the test also enables countries to compare their levels of education. It is important to determine whether TIMSS shows intercultural The reliability and validity of conclusions derived from TIMSS results will be uncovered. Furthermore, it will enable us to determine how to solve the issues and what the reasons for the problem may be, if any. All of these reasons constitute the necessity to undertake this research.
In this context, the main purpose of this study was to examine the measurement invariance of the TIMSS 2011 mathematics test in terms of different cultures. Within this general purpose, the following questions were examined: 
Method
In this section, information about the research model, population and sample, data collection tool and data analysis are presented.
Research Design
Aiming at examining the intercultural measurement invariance of the TIMSS 2011 mathematics test, this is a survey model since it tries to describe an existing situation as it is.
Research Sample
The target population of TIMSS 2011 consists of all of the fourth and eighth graders in participating countries. The basic sampling model used by TIMSS to obtain a precious and interpretive sample is the two-stage stratified cluster sampling model. The first stage is composed of the selection of schools, while the second stage is composed of selection of classes in those schools.
The population of this study was composed of 50 countries, which participated in TIMSS 2011 at fourth grade level. However, the sample of this study was composed of 1.987 fourth graders from Turkey, England, Japan and the USA, who were selected using purposive sampling methods. The purpose of this selection is that the mother tongues of two countries (England and the USA) are English and the mother tongue of the other two countries (Turkey and Japan) is not English. The element of language, which is one of the most important intercultural differences, has been effective in the selection of countries. Table 2 is examined, it can be seen that 531 (26.7%) of the participants are from Turkey, 250 (12.6%) of the participants are from England, 313 (15.8%) from Japan, and 893 (44.9%) from the USA.
Data Collection Tools
This study was conducted usingthe data obtained from the TIMSS 2011 mathematics test. These data were obtained from http://timssandpirls.bc.edu/timss2011/international-database.html.
The math questions in TIMSS were limited by numbers, geometrical shapes, measurements and data representation in terms of content. The questions were assessed in three classifications, which are knowledge, application and reasoning in the cognitive domain. TIMMS 2011 Mathematic tests were composed of 14 parallel booklets. The study was carried out using 21 items ona numbered form. Cognitive domain dimensions of items and the number of item in each dimension can be seen in Table 3 . When Table 3 is examined, it can be seen that 33% of the items were at the knowledge level, 29% were at the application level, and 38% were at the reasoning level.
Data Analysis LISREL 8.80 for Windows software was used for the data analysis. LISREL was used to create a model and examine invariance across models. Model invariance was examined through multi-group confirmatory factor analysis.
In order to obtain an accurate result from the data, the data set, the data structure and the assumptions of analyses were examined before starting the analysis.
Missing values. First, the missing values were examined since they could lead to great differences in analysis results. The cases having missing values were excluded from research.
Outliers. After missing values, the existence of univariate outliers was examined. It was observed that none of the z scores in any of the cases were within the ± 3 limit. Being a prerequisite for confirmatory factor analysis, multivariate residuals were tested using Mahalanobis Distance. These distances refer to the chi-square distribution whose degree of freedom is the sample size, and they evidence the multivariate outlier observation when the p < 0.001 (Kline, 2005; Stevens, 2009 ).The results showed no multivariate outliers in the data.
Normality. It is difficult to test multivariate normality in Structural Equation
Modeling since it requires testing of many linear combinations. In such situations, examination of univariate normality for each observed variable is recommended (Weston &Gore,2006) . Skewness and kurtosis values of each variable, and the ratio of mean to the standard deviations (coefficient of variation), were examined to determine the normality of the data. The results demonstrated normal distribution. Graphs about the residuals were examined, and they were decided to be normally distributed. The independence of residuals from each other was examined through Durbin Watson statistics and no test statistic outside the range between 0 and 4 was observed. In this situation, it could be said that the errors were independent of each other (Tabachnick, &Fidell, 2007) .
Multicollinearity. The relationship of items to each other and the multicollinearity problems among the items were examined. It was observed that items had low level of relation to each other in each factor. The tolerance values were as expected, while variance inflation factor (VIF) values were below 10 and condition index (CI) values were below 30. These results showed that there was no multicollinearity problem among the items.
Results
The study of measurement invariance was conducted as sequence of testing four steps. The first step is configural invariance, which is the most basic level in measurement invariance, and it examines whether the groups have the same factor construct. The second step is metric invariance in which the different groups respond to the items similarly, and therefore the comparison of different groups' scores can be meaningful. The third step is scalar invariance which expresses that the value of the same subjects has the same value both in latent construct and observed construct. The last step is strict invariance in which the contextual responses given to the factors have invariance. Meredith (1993) emphasized that strict invariance is required for a fair and valid comparison. However, obtaining the strict invariance is difficult in practice. Therefore, measurement invariance should be expressed gradually. Although there is no language union in this gradation three types of measurement invariance can be determined:
Weak Invariance: for the situation where factor constructs are the same and other parameters are free; Strong Invariance: for the situation where factor constructs and loadings are the same and the error variances are free; Strict Invariance: for the situation where the factor constructs, loadings and error variances are the same (Byrne, Shavelson, &Muthen, 1989) .
Does the TIMMS 2011 mathematics test have intercultural measurement invariance?
Configural invariance. In this step, the construct presented in the path diagram in Figure 2 was tested whether to be confirmed or not for the four countries. As can be seen in Figure 1 , three latent variables were determined related tothe construct tested, which were Knowledge (K), Application (A), and Reasoning (R).
There were 7 indicators of Knowledge latent variable (items 7, 8, 11, 14,16,19,and 20) , 6 indicators of Application latent variable (items1, 6, 10, 15, 17,and 18), and 8 indicators of Reasoning latent variable (Items 2,3,4,5,9,12,13,and 21).
Confirmatory factor analysis and configural invariance goodness of fit indexes about the countries are presented in Table 4 . Table 4 is examined, it can be seen that the results of confirmatory factor analyses conducted separately for each country showed good fit and the goodness of fit indexes of structural equivalence are at acceptable level (χ2 /df<3, RMSEA < 0.08, CFI > 0.90, GFI>0.90, RMR< 0.05, NNFI≥0.95). In this area, it can be said that the proposed model was confirmed for all countries and the configural invariance, which is the first step of measurement invariance, was ensured.
Metric invariance. The examination of metric invariance began after the configural invariance was ensured. In the model proposed in this step, factor loadings were fixed for each country, and testing was performed to determine whether the difference between the first situation and the new model was significant. Χ 2 values of the first two steps, degrees of freedom and the differences between them are presented in Table 5 . Table 5 .
Fit Coefficients of Metric Invariance Analysis Results by Countries
Step χ2 df Δ χ2 Δdf 1.
Step 1823.20 748 --2.
Step 2206.70 808 383.5 60
As can be seen in Table 5 , since Δχ2> 79.08, the difference between the goodness of fit indexes were significant when the factor loadings were fixed. In other words, metric invariance wasn't ensured. We didn't start the scalar invariance and strict invariance analyses at a step where the metric invariance wasn't ensured since the analysis of measurement invariance is a hierarchical procedure. However, after this step, metric invariance was tested through binary and trilateral combinations in order to determine in which country the invariance was collapsed.
In order to determine in which country the invariance was collapsed, the metric invariance between three countries was checked after the factor loadings of countries were set free, one by one, respectively. Δχ2 and Δdf values with trilateral combinations are presented in Table 6 . As can be seen in Table 6 , since Δχ2 > 65.76, it was observed that metric invariance was not ensured in trilateral combinations of countries. In other words, the reason why the metric invariance was not ensured is not rooted in only one country.
After the metric invariance as not ensured in trilateral combinations of countries, the metric invariance of the four countries was examined in pairs. Fit values, Δ χ2 and Δdf values of pairs are presented in Table 7 . As can be seen in Table 7 , since Δ χ2 > 31.41, it was observed that the metric invariance wasn't ensured in binary combinations. This finding can be interpreted to show that the relationships between characteristics measured and the dimensions of the scale are not similar. In this situation, it can be expressed that the countries did not respond to the items in a similar manner, and making comparison between these scores obtained from these groups is not meaningful.
The configural invariance for the proposed model of the cognitive levels to which the items belonged was ensured. In this step, the differences between the groups can be stated to stem from the measurement tool itself. Therefore, making comparisons across groups may not be accurate. As a result, it can be said that the invariance across countries is weak invariance. This source of this situation is considered to stem from a variety of translation problems and cultural differences. Moreover, it can also be an indicator of Differential Item Functioning (DIF). In the study "Psychometric Properties of Tests for Reading Parts in PIRLS 2001: Turkey and the United States of America (USA)," Ogretmen (2006) determined that the tests did not show any configural invariance among the relevant samples. Their study focused on the intercultural and linguistic invariance of the PISA 2006 student questionnaire. In their study focusing on the intercultural and linguistic invariance of PISA 2006 student questionnaire, Asil and Gelbal (2012) found that some items had differential item functioning across the countries as a result of multiple-group confirmatory factor analysis. As the linguistic and cultural differences increased across countries, it was observed that items demonstrating DIF also increased. The reasons behind the items demonstrating DIF were concluded to be translation problems and cultural differences. In his study focusing on the equivalence of PIRLS 2001 tests across 35 countries, Akyildiz (2009) found that the invariance was ensured at medium level. In a similar study focusing on the examination of TIMMS-R invariance in terms of gender in a Turkish sample, Uzun and Ogretmen (2010) stated that the invariance was ensured except for the metric invariance and that it had a medium level invariance. In the study " The investigation of psychometric properties of the test of progress in international reading literacy (PIRLS) 2001: The model of Turkey-United States of America," Ogretmen (2006) determined that the tests did not show any configural invariance among the relevant samples. As can be seen in similar studies in literature, along with the difficulty of ensuring strict invariance, it was found that metric invariance was mostly ensured, but the equivalence was overruled in scalar invariance, and the medium level invariance was generally ensured. Within the scope of this study, it was observed that only configural invariance was ensured and that it was at a weak level.
Discussion and Conclusion
In this section, the conclusions and recommendations are presented.
Conclusion
In this study, analyses related to the invariance of the model demonstrating the cognitive levels of the TIMMS 2011 mathematics test in Turkey, the USA, England and Japan were conducted. According to the findings, the invariance across four countries was ensured only in the configural invariance step. Metric invariance was tested through binary and trilateral combinations in order to examine in which country the invariance was collapsed in detail, and it was determined that the invariance was not ensured in any combination. Therefore, the invariance across countries was determined to be weak. In this direction, it was concluded that making comparisons across countries would not be appropriate, the structure of the data should be examined, and troublesome points in terms of culture should be determined.
Recommendations


Only four countries were selected for this study based on mother tongue. These analyses can involve other countries. 
The items causing the model not to have measurement invariance can be determined, as well as whether the items demonstrated DIF across groups.
The items determined to demonstrate DIF can be examined in terms of bias of sources, depending on expert opinions.  This study took only the language variable into consideration in the cultural comparisons. Other variables may also be included in the research.  Ensuring the invariance in international examinations such as TIMMS, PISA, and PIRLS is very important for cultural comparisons to be made.
Whether there are similar issues in other international examinations can be investigated.
yeni kazanımlar ekleyecek insan gücünü yetiştirerek aynı toplumu bir adım ileriye götürmesini sağlamaktadır. Eğitim sonucunda ise öğrenci başarısı, eğitimin niteliğinin bir göstergesi olarak ele alınmakta ve öğrenci başarısının değerlendirilmesinde de başarı testleri uygulanmaktadır. Bu testler ulusal ve uluslararası düzeyde olabilmektedir. Uluslararası düzeyde öğrenci başarılarını değerlendirmek ve farklı ülkelerin başarılarını karşılaştırmak amacıyla hazırlanan uluslararası düzeydeki testler ise farklı dillere ve kültürlere uyarlanmaktadır. 
